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An Analysis of Australian Pensioner Mortality by 
Pre-Retirement Income 
David Knox* and Andrew Tomlint 
Abstract* 
The existence of a relationship between an individual's socioeconomic sta-
tus and his or her mortality is often accepted, but it is difficult to measure 
this relationship objectively. This study analyses the relationship between an 
individual's final salary immediately prior to retirement and mortality rates 
during retirement. The data used are taken from a large Australian public sec-
tor pension plan. A strong inverse relationship is found, which decreases with 
age. Some of the implications of these results for individual annuity markets 
and public pension policy are discussed. 
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1 Introduction 
Most retirement income plans around the world (whether they be 
public plans, occupational plans, or personal pension plans) provide 
retirees with a lifetime penSion payable, totally or in part, from the 
assets accumulated during the individual's working career. 1 In many 
instances these pensions are paid until the death of the individual re-
tiree or his/her spouse. 
The life expectancies of all pensioners within a particular plan are 
not the same and are affected by a number of factors. There is consid-
erable evidence (see, for example, Carney and Hanks, 1994 and World 
Bank, 1994) that mortality rates are linked to the socioeconomic status 
of the individual, which may be measured by occupation, wealth, life-
time income, education, or a combination of these factors. The specific 
relationships between longeVity and socioeconomic factors are difficult 
to measure due to the lack of longitudinal data. 
The objective of this study is to further our understanding in this 
area by testing the relationship between the mortality rates of retirees 
from a particular pension plan and their pre-retirement salary levels. 
All members of this plan must accept a lifetime pension, so there is no 
opportunity for selection or opting out by those with higher or lower 
life expectancies. This is an important difference from many previous 
studies2 that have considered annuity markets (as a whole) where some 
individual choice (and hence selection) exists in terms of either the level 
or type of the annuity chosen or whether to participate in the market. 
The possible link between socioeconomic status and mortality is 
also important in both the design and equity considerations of public 
pension plans, as these plans have important redistributive functions 
within a society. Some writers (e.g., World Bank, 1994 and Atkinson, 
Creedy, and Knox, 1996) have raised the issue of intragenerational eq-
uity involved in public penSion plans due to the links between an in-
dividual's lifetime income and mortality. As a result, it has been sug-
gested (for example, in the World Bank Report) that the provision of a 
lifetime pension in public retirement income plans may introduce in-
equity, as those with longer lifetimes receive pensions which have a 
present value that exceed the accumulated value of their contributions. 
There are different issues within public and private sector plans. In 
public plans all individuals may be eligible for a penSion that is paid 
from contributions and taxes received from a variety of sources. These 
1 Retirement income plans are called retirement income schemes in some countries. 
2For example, the Continuous Mortality Investigation Reports from the United King-
dom. 
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public arrangements reflect social and political decisions made within a 
particular society at a particular time. Even in these plans, however, it is 
feasible that the presence of differential mortality may lead to financial 
redistribution through the public pension arrangements that works in 
a manner contrary to other principles normally adopted by the society. 
For instance, significant regressivity may occur, whereas progressivity 
is often a feature of tax and social security systems. 
In contrast to public plans, privately purchased individual annuities 
are priced to take into account a number of Significant factors that are 
known to affect mortality and that can be practically used (for exam-
ple, age and gender). There are normally other significant factors (for 
example, ethnicity) that cannot be used for a number of reasons. In 
many cases, this approach means that annuity providers will assume, 
for very good reasons, that selection will occur, thereby making the 
annuity market less attractive to some potential investors. 
In considering both public and personal arrangements, a fundamen-
tal question exists as to the extent and significance of any relationship 
between a socioeconomic factor (say, income) and mortality. If higher 
income individuals have a lower expected mortality rate (and hence 
higher life expectancy), then this factor needs to be considered in the 
design of public pension plans, the funding of occupational pensions 
and, if practical, the determination of annuity prices. Of course, the 
recognition and measurement of such a relationship does not mean 
that there is an easy practical solution in any of these situations to the 
dilemma that differential mortality may present. 
This paper assesses the relationship between pre-retirement salary 
and post-retirement mortality for individuals from a large public sector 
pension plan in Australia, where all members must receive a lifetime 
penSion related to their period of service and final salary. 
2 The Data and Methodology 
2.1 The Data 
An investigation into the links between lifetime income and mor-
tality after retirement requires income data and mortality records for 
many individuals over many years. Ideally, a longitudinal study would 
be conducted comparing lifetime income and post-retirement mortal-
ity. Such records are virtually impossible to obtain, however, as they 
would require detailed recording over a 50, 60, or 70 year period. Fur-
thermore, within the Australian context, most retirement benefits are 
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taken in a lump sum form, so even the mortality experience of pension-
ers is difficult to obtain. With these limitations in mind, this study has 
concentrated on the data available from one of the largest pension plans 
in the country, namely the Commonwealth Superannuation Scheme, a 
pension plan for Australian federal public servants. 
This plan provides a pension rela ted to the member's final salary and 
completed years of service for all members who retired prior to June 30, 
1994. No commutation (substitution) of the employer-funded pension 
is permitted, thus enabling each retiree's final salary to be calculated 
from the current indexed pension and the dates that each individual 
joined and retired from the plan. It may be preferable for the investiga-
tion to use lifetime income. This measure is unavailable. As a proxy for 
lifetime income, the individual's final salary will be used. While this is 
not ideal, it represents an appropriate measure for those who have had 
a reasonable career in the public service. The level of final salary should 
provide a good indication of the level of their lifetime earnings. Manip-
ulation of final salary to improve the individual's pension is unlikely to 
occur in the public sector due to industrial awards. Most of the exist-
ing pensioners are males who have been employed in the public service 
for at least two decades. Naturally, this gender bias among pensioners 
reflects past employment attitudes rather than current practice. 
The raw data for this study are provided by the Australian Govern-
ment Actuary and comprise records on Commonwealth Superannua-
tion Scheme pensioners for the fiscal years ending June 30,1991,1992, 
1993, and 1994. (Invalid penSioners are excluded from the data.) Using 
the data fields relating to the pensioner's date of birth, indexed pen-
sion, date joined plan, date exited plan, and date of death (if relevant), 
a salary at retirement can be determined for each pensioner and a mor-
tality rate calculated for any age or income group. All salaries were 
converted to 1994 dollars. Further details of the methodology used for 
calculating salaries are given in Section 2.2. 
Records of pensioners who retired before the age of 55 are ignored 
as these represent retrenchments where a choice of lump sum pay-
ment or pension was given such that an individual's salary can not be 
calculated. Pensioners with a date of retirement before June 30, 1976 
also are excluded, as their pensions were calculated using a different 
method. Data on widowed pensioners, where a reversionary pension is 
paid on the death of the retired employee, are insufficient for analysis 
of mortality of these pensioners. 
Table 1 summarizes the number of records available for each year. 
To calculate the pensioner mortality rates for each age and income 
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grouping, the number of deaths and the exposure for each group are cal-
culated (as outlined in the appendix) and summed over the four years. 
Table 1 
Number of Records Available for Investigation 
Fiscal Year Males Females 
July 1, 1990 to June 30, 1991 24,626 5,674 
July 1, 1991 to June 30, 1992 25,886 6,106 
July 1,1992 to June 30,1993 27,417 6,604 
July 1, 1993 to june 30, 1994 28,508 7,107 
Total 106,437 25,491 
Pensioners with an observed annual salary at retirement of more 
than $60,000 are grouped into one income band to obtain sufficient 
numbers of exposed lives and expected deaths for the statistical anal-
ysis. Pensioners with an annual salary of less than $20,000 are consid-
ered likely to have been contributing to the superannuation fund while 
employed in a part-time capacity so that their final salary is unlikely to 
be a true indication of their total lifetime income. This group therefore 
is excluded from the analysis. (The group accounts for less than 2 per-
cent of all males and less than 5 percent of all females.) The number 
of records available for pensioners age 85 and over is negligible, and 
these pensioners also are excluded from the study. 
2.2 Calculating Indexed Pensions 
The data set for each year includes a pension plan ID, the gender, 
date of birth and date of death (if applicable) of the pensioner, the dates 
she/he joined and exited the pension plan, and the pension as indexed 
on July 1 for that year based on the consumer price index movement 
from the previous March to March quarters. 
To determine the total number of lives exposed to the risk of dying 
at each age, the age of each pensioner on July 1 each year in the four 
year period is recorded (age x). The fraction of the year in which the 
pensioner is age x and age x + 1 is calculated. In effect, the census 
method is used to calculate the exposure to risk. The total number of 
lives exposed to the risk of dying at each age (Ex) and the observed 
number of deaths at age x are summed over the four year period for 
each income range and each age group. 
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The pensioner's salary at retirement also is determined together 
with its equivalent value in 1994 dollars. Salaries are adjusted by con-
sumer price index movements in the relevant years to obtain a 1994 
salary figure. A wage index was considered but rejected as there was no 
index available for public servants. During the ten years prior to 1994 
the consumer price index and the movement in average wages were 
both 5.4 percent per annum for the period. Salaries at retirement are 
calculated from the indexed pension according to the following equa-
tion: 
Indexed Pension at July 1 Salary x Benefit Multiple 
x Discount Factor x Indexation 
where: 
• Benefit multiple is determined by a set of accrual rates corre-
sponding to the number of years the pensioner has contributed 
to the pension plan; 
• The discount factors are applied for early retirement; and 
• Salaries are adjusted by the CPI. 
3 The Results 
3.1 Male Pensioners 
Table 2 shows the total years of exposure (E) and the number of 
observed deaths (0) for each age-income group and the resulting crude 
central rates of mortality (M). The number of expected deaths (EXP) 
for each age-income grouping is also shown, based on the experienced 
mortality rate for the particular age group as a whole. 
To check the validity of the results, the calculated mortality rates for 
male pensioners are compared with the corresponding mortality rates 
assumed for male pensioners in the Public Sector and Commonwealth 
Superannuation Schemes in the Australian Government Actuary's re-
port on long-term costs using data to June 1993 (Duval, 1994). 
A 
::l 
0 
X 
!lJ 
::l 
Table 2 0-
Mortality Experience of Male Pensioners -l 0 
50 to 59 Years 60 to 64 Years 65 to 69 Years :3 
Income E 0 M EXP E 0 M EXP E 0 M EXP ::l 
20,000-30,000 1461.2 8 0.0055 6.1 4515.1 56 0.0124 37.8 7060.8 137 0.0194 109.1 -0 (!) 
::l 
30,000-40,000 2560.1 10 0.0039 10.7 6670.3 64 0.0096 55.8 9010.3 154 0.0171 139.2 til o· 
40,000-50,000 2690.4 13 0.0048 11.2 5966.8 47 0.0079 49.9 8008.7 127 0.0159 123.7 ::l (!) 
50,000-60,000 1669.0 7 0.0042 7.0 4038.1 27 0.0067 33.8 5710.9 73 0.0128 88.2 ..... 
> 60,000 1454.4 3 0.0021 6.1 3803.8 15 0.0039 31.8 6197.4 65 0.0105 95.7 ~ 0 
..... 
Total 9835.2 41 0.0042 41.0 24994.2 209 0.0084 209.0 35988.2 556 0.0154 556.0 .... !lJ 
.... 
-< 
70 to 74 Years 75 to 79 Years 80 to 84 Years 
Income E 0 M EXP E 0 M EXP E 0 M EXP 
20,000-30,000 4198.0 157 0.0374 1l0.2 1870.9 112 0.0599 86.2 192.1 16 0.0833 13.8 
30,000-40,000 5943.7 172 0.0289 156.1 2691.3 128 0.0476 124.1 341.0 22 0.0645 24.5 
40,000-50,000 4706.3 94 0.0200 123.6 1913.5 95 0.0496 88.2 242.0 17 0.0702 17.4 
50,000-60,000 3087.2 60 0.0194 88.2 1086.2 30 0.0276 50.1 181.2 16 0.0883 13.0 
> 60,000 4193.9 98 0.0234 95.7 1875.6 70 0.0373 86.4 270.7 17 0.0628 19.4 
Total 22129.1 581 0.0263 581.0 9437.5 435 0.0461 435.0 1227.0 88 0.0717 88.0 
Notes: E = Exposed-to-risk; 0 = Observed number of deaths; M = Crude central mortality rates; and EXP = Expected deaths. 
i-' 
'J 
c.o 
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Although these data are available only for pensioners at quinquen-
nial ages, Table 3 shows that the mortality rates calculated in this study 
are similar to the actuary's assumptions. This result is not surprising, 
as the actuary is likely to have based assumptions, at least in part, on 
the plan's experience. 
Table 3 
Male Pensioner Mortality 
Assumed vs. Actual Results 
Mortality Rates 
Age Assumed Actual 
55 0.004 0.001 
60 
65 
70 
75 
80 
0.007 
0.0l3 
0.023 
0.041 
0.072 
0.005 
0.011 
0.022 
0.041 
0.067 
To test the hypothesis that mortality rates are equal at different 
income levels within a particular age group, the chi-square test statistic 
with 4 degrees of freedom is used. There is strong evidence to suggest 
that mortality rates are not equal at different income levels in the age 
groups 60 to 64 years (p < 0.001), 65 to 69 years (p < 0.001), 70 
to 74 years (p < 0.001), and 75 to 79 years (p < 0.001). The chi-
square statistic is not significant (oc = 0.05), however, for the 55 to 59 
and 80 to 84 age groups. This lack of significance in these two groups 
is likely to be caused by different factors. First, the younger age group 
represents early retirements only, so this group is likely to have its own 
characteristics. Second, there are few data in the older age group. In 
addition, Wilkins, Adams, and Brancker (1989) show that the mortality 
disparities diminish markedly after age 74; it is possible that the lack 
of significance in the older age group also reflects a reducing effect at 
older ages. The likely presence of a selection effect will be discussed 
further in the next section. 
Figures 1 and 2 display the observed mortality rates for the four age 
groups, where there are significant results, and highlight the general 
direction of the relationship between income and mortality rates. These 
graphs do not represent graduated curves but merely link the observed 
values. 
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Mortality Rates and Income Levels 
30-40K 40-50K 
Income (in AUS$I,OOOs) 
Legend 
_._.- 60-64 Years 
.......... 65-69 Years 
----- 70-74 Years 
-- 75-79 Years 
50-60K 
181 
>60K 
The data suggest that for male pensioners between the ages of 60 
and 80, mortality is related to income with a trend toward lower mor-
tality rates as income increases. This trend also can be seen from an 
inspection of the age-specific standardized mortality ratios (SMR) for 
each income group in Table 4. The standardized mortality ratio is the 
ratio of observed to expected deaths multiplied by 100. 
As a measure of relative mortality between income levels we also 
can calculate the ratio of the SMR for the lowest income group to the 
SMR for the highest income group. Table 4 shows that the SMR of the 
lowest income level is over twice that of the highest income level for 
male pensioners ages 55 to 64. Although this disparity in death rates 
between high and low income earners is not as pronounced for the 
older age groups, the ratio of SMRs is always greater than one. These 
ratios also have been used in other international studies and therefore 
provide a useful point of comparison. 
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Figure 2 
Mortality Rates by Age 
Legend 
_._.- AUS$20-30K 
.......... AUS$30-40K 
••••• AUS$40-50K 
-- AUS$50-60K 
_ .. - .. - >AUS$60K 
65-69 70-74 
Age 
75-79 
3.2 International Comparisons 
The direction of these Australian results agrees with other interna-
tional studies, including a United States national longitudinal mortality 
study conducted under the auspices of the National Institutes of Health 
(Rogot, Sorlie, Johnson, and Schmitt, 1992). This 1979 to 1985 follow-
up mortality study of 1.3 million persons involving twelve census sam-
ple cohorts found that white males age 55 or more exhibited an inverse 
relationship of mortality level with income. The standardized mortality 
ratio in the lowest income bracket was at least twice the standardized 
mortality ratio in the highest income bracket for white men age 55 to 
64 years. 
In Canada a collaborative study by Health and Welfare Canada and 
Statistics Canada (Wilkins, Adams, and Brancker, 1989) was conducted 
based on male residents of Canada's census metropolitan areas in 1986. 
Census tracts within each census metropolitan area were assigned to 
one of five income quintiles according to the proportion of residents 
with low total family income as determined by the national low income 
Knox and Tomlin: Pensioner Mortality 183 
Table 4 
Age-Specific Standardized Mortality Ratios (SMR) by Income Level 
With the Income Range Expressed in 1994 Australian Dollars 
Age Groups 
Income 55-59 60-64 65-69 70-74 75-79 80-84 
20,000-30,000 131 148 126 142 130 116 
30,000-40,000 94 115 111 110 103 90 
40,000-50,000 116 94 103 76 108 98 
50,000-60,000 101 80 83 74 60 123 
> 60,000 49 47 68 89 81 88 
Ratio of SMRs for: 
Min:Max Income 2.67 3.15 1.85 1.60 1.60 1.32 
Extreme Values 2.67 3.15 1.85 1.92 2.17 1.32 
cut-off. The Canadian data showed that for males ages 55 to 84 the 
higher the percentage of poor in a quintile, the higher the death rate. 
Figure 3 shows the ratio of the age-specific SMR for the lowest in-
come grouping to the age-specific SMR of the highest income group for 
each of these North American population studies as well as the Aus-
tralian pensioner data for the same age groups. The similarity of the 
ratios, particularly for ages 65 to 84, is remarkable, given the different 
approaches taken. These three studies also confirm the suggestion that 
the income effect decreases with age. 
A more directly comparable study with these Australian results is an 
investigation of the mortality of non-disabled annuitants in the United 
States covered under the Civil Service Retirement System (Virga, 1996). 
For the fiscal years 1988 to 1994 pensioners were pooled into five-year 
age groupings for each of five indexed final salary levels. Mortality rates 
declined significantly as the amount of final salary increased, with the 
differential between the highest and lowest salary levels also declining 
with increasing age. Figure 4 shows the ratio of the mortality rates of 
the annuitants in the lowest salary band (less than $30,000 per annum) 
with the mortality rates for those in the highest salary band (greater 
than $80,000 per annum) and compares them with the corresponding 
Australian age groups. The greater differential in mortality rates found 
for Australian pensioners age 55 to 64 years may reflect the fact that the 
definition of invalidity changed in June 1990, thereby making it harder 
for a person to receive an invalidity pension. Although it is conjectural, 
184 
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Figure 3 
Ratio of Age-Specific SMRs for Three Studies 
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it is possible that this change had a more significant impact on lower 
income earners who retired as normal pensioners in the early 1990s 
and were therefore under age 65 for the period under study. ' 
The most recent study in the United Kingdom was presented in eMI 
Report Number 14 (1995) which notes that for pensioners covered by 
Life Office Pension Schemes: "It will once again be noted that the mor-
tality recorded by reference to 'amounts' is Significantly lighter than 
that recorded by reference to 'lives.' " 
This result is consistent with the other studies, as amounts are likely 
to be related to income. The use of amounts is likely to be a less accu-
rate proxy for socioeconomic factors than income, as a level of choice 
is present at the individual level. Furthermore, an annuity of a given 
amount could result from 15 years service for a final salary of X or 30 
years service and a final salary of 0.5X. In an environment where full 
portability of pensions does not exist and/or some individual choice is 
available, the use of final salary is likely to be a better indicator of the 
individual's socioeconomic position. 
Other international studies have estimated the influence of wealth 
or total assets on mortality despite the difficulties involved in collecting 
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comprehensive and accurate wealth data over a sufficient length of time 
(Attanasio and Hoynes, 1995; Menchik, 1993; Jianakoplos, Menchik, and 
Irvine, 1989). Each of these studies has found that an inverse rela-
tionship exists between wealth and mortality, thereby confirming the 
inverse relationship between mortality and financial well-being. 
Furthermore, the studies from Australia, Canada, and the U.S.A. dis-
cussed above suggest a marked similarity in the experience of the three 
countries and a declining level of differential mortality as age increases. 
This latter result may be considered to be a form of a select period after 
retirement such that the significance of differential mortality reduces 
as the retiree ages. 
The presence of a select period is further confirmed in the u.K. eM! 
Report Number 14 (1995). Table 8.1.4 in this U.K. report shows that the 
ratio of the average pension of all exposed lives to the average pension 
of all deaths decreased steadily from 1.52 for the 61 to 65 age group to 
1.23 for the 76 to 80 age group and then to 1.01 for the 91+ age group. 
3.3 Female Pensioners 
In this study the number of female pensioner records available is 
considerably fewer than the number of male pensioner records. Table 
5 shows the experience and suggests that no consistent trend is evi-
dent across income levels for female penSioners. Test statistics are not 
significant at the 5 percent level for any age group. 
While the evidence from various studies (Rogot et al., 1992; Virga, 
1996; Wilkins, Adams, and Brancker, 1989) indicates that female mor-
tality rates also vary inversely with income level, no such relationship 
is discernible from this, albeit smaller, set of data. One possible reason 
for the lack of a relationship between the level of income and rate of 
mortality for females is that many female pensioners worked during 
a period when the level of household income and/or wealth primarily 
was determined by the income earning capacity of the male member of 
the household. 
It is also interesting to note that in the most directly comparable 
international study (Virga, 1996), there is evidence for differential mor-
tality among female annuitants. The evidence is not as strong as the 
male ratios shown in Figure 4, with the female ratios for age groups 65 
to 69 and 70 to 74 being 1.70 and 1.28, respectively, while the corre-
sponding male ratios are 1.88 and 1.81. 
Table 5 
Mortality Experience of Female Pensioners 
50 to 59 Years 60 to 64 Years 65 to 69 Years 
Income E 0 M EXP E 0 M EXP E 0 M EXP 
20,000-30,000 1683.3 7 0.0042 6.0 4162.4 23 0.0055 24.5 4346.1 43 0.0099 42.8 
30,000-40,000 1074.3 3 0.0028 3.9 2186.6 15 0.0069 12.9 2399.4 20 0.0083 23.6 
> 40,000 584.9 2 0.0034 2.1 1125.3 6 0.0053 6.6 1171.8 15 0.0128 U.5 
Total 3342.5 12 0.0036 12.0 7474.2 44 0.0059 44.0 7917.2 78 0.0099 78.0 
70 to 74 Years 75 to 79 Years 80 to 84 Years 
Income E 0 M EXP E 0 M EXP E 0 M EXP 
20,000-30,000 2000.4 23 0.0115 21.4 550.1 15 0.0273 17.0 30.9 0 0.0000 1.1 
30,000-40,000 1292.7 7 0.0054 13.8 458.2 20 0.0437 14.2 59.1 4 0.0677 2.1 
> 40,000 732.0 13 0.0178 7.8 285.4 5 0.0175 8.8 24.4 0 0.0000 0.9 
Total 4025.1 43 0.0107 43.0 1293.6 40 0.0309 40.0 114.4 4 0.0035 4.0 
Notes: E = Exposed-to-risk; 0 = Observed number of deaths; M = Crude central mortality rates; and EXP = Expected deaths. 
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Figure 4 
Mortality Ratio of Annuitants in Lowest Salary Band « $30,OOO/Yr.) 
To Annuitants in Highest Salary Band (> $80,OOO/yr.) 
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4 Some Consequences of Differential Mortality 
4.1 Expectation of Life 
One of the consequences of differential mortality is that there will 
be differing life expectancies for individuals of the same age. The ex-
tent of these differences will determine the significance of differential 
mortality for public pension policy, occupational pension funding, and 
the retail annuity market. 
Assuming a uniform distribution of deaths for each year, the expec-
tation of life at age x may be calculated as: 
o ~ lx+n 
ex = 0.5 + L.... -l-' 
n=l x 
To determine the effect of differential mortality on life expectancy, the 
expectation of life is calculated for the following three groups of males 
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pensioners in the study: (i) all male pensioners; (ii) male pensioners with 
a final salary between $20,000 and $30,000; and (iii) male pensioners 
with a final salary over $60,000. Because the data for male pensioners 
over the age of 79 are limited, estimates of mortality rates at these older 
ages are based on th~ assumed mortality rates used in the government 
actuary's report. To find the corresponding age-specific rates for the 
two income groups, the ratio of the particular income group's mortality 
rate for ages 70 to 79 years to the corresponding figure for all income 
groups is determined and averaged over the 10 year age span. This 
differential ratio is reduced in a linear manner from age 75 to become 
1.0 at age 100; this redUCing ratio is used from age 80 onward. As a 
result of this process, mortality rates are calculated for all ages over 80 
for the two income groups with the adjustments in the differential ratio 
allowing for the reducing effect of differential mortality with increasing 
age. 
Table 6 shows the life expectancies for the total group and the two 
income groups. The disparity in mortality rates of male pensioners 
from different income groups means that, as shown in Figure 2, a 75 
year old pensioner in the high income group has approximately the 
same risk of dying as a pensioner age 70 years from the low income 
group. Based on this study, a 65 year old male with a final salary of 
$20,000 to $30,000 has a life expectancy of 15.7 years, while those 
with a final salary of more than $60,000 could be expected to live 18.9 
years. While the differences in life expectancies at a particular age may 
not appear large, they may be Significant for both the funding of occu-
pational pensions and public policy considerations. These results also 
may be relevant with the growing consumer interest in pensions and a 
heightened concern for any systematic bias or inequity in these plans. 
4.2 The Private (Voluntary) Annuity Market 
Differentials in life expectancies can have Significant implications 
for life insurance companies offering individual annuity products in a 
private sector market. The pricing of all insurance products (including 
annuities) takes into account a number of known, practical, and mea-
surable factors that may influence the probability of a claim or, in the 
case of an annuity, the individual's life expectancy. Of course, it is also 
recognized that in some cases the insurer must ignore certain variables 
due to existing social custom, legislation, marketing pressure, or the 
difficulty in obtaining relevant data from the insured. 
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Table 6 
A Comparison of Ufe Expectancies 
For Different Income Levels 
Income Levels 
Age All $20K-$30K > $60K 
60 21.32 19.64 23.45 
61 20.47 18.80 22.58 
62 19.64 18.10 21.64 
63 18.82 17.26 20.70 
64 18.01 16.51 19.85 
65 17.22 15.72 18.88 
66 16.45 14.94 18.01 
67 15.69 14.20 17.17 
68 14.95 13.48 16.32 
69 14.22 12.79 15.54 
70 13.51 12.07 14.75 
71 12.82 11.42 14.04 
72 12.15 10.72 13.39 
73 11.49 10.15 12.70 
74 10.86 9.67 11.98 
75 10.25 9.15 11.31 
76 9.67 8.66 10.66 
77 9.11 8.08 10.05 
78 8.57 7.57 9.55 
79 8.06 7.15 8.97 
80 7.59 6.66 8.16 
Notes: K denotes 1,000s. 
190 Journal of Actuarial Practice, Vol. 6, 1998 
In terms of annuities for retirees, it may be particularly difficult or 
impractical to obtain appropriate information that enables the insurer 
to estimate the individual's socioeconomic status. Nevertheless, insur-
ers are aware of differential mortality and the selection that occurs in 
the annuity market. 
To further illustrate the effects of differential mortality, the level in-
come stream arising from a life annuity with a present value of $100,000 
is calculated corresponding to the life expectancies experienced by all 
male pensioners and by male pensioners in the highest and lowest in-
come groups. An interest rate of 8 percent per annum is assumed and 
expenses are ignored. Figure 5 shows the level of annual income for 
this given purchase price for entry ages from 55 to 75. The calculated 
income levels are comparable with the immediate annuities currently 
offered by Australian life insurance companies. For example, a male age 
65 years currently can purchase for $100,000 a level income (without 
any guarantee) between $9,804 and $12,136 per annum (Rice Kachor Re-
search, 1996). If the annuity purchasers are primarily high income earn-
ers, the more aggressive life offices offering the higher income streams 
may be exposing themselves to a significant long-term risk. We also 
recognize that there are always many factors that affect market price. 
Within many existing retail annuity markets the insurers assume 
that the expected mortality rates are equivalent for all individuals of 
the same age and gender irrespective of their lifetime income or accu-
mulated wealth. Based on this and other studies, however, it is likely 
that lifetime income levels and/or wealth are important factors in de-
terrnining life expectancies. It is therefore reasonable to expect that, 
on average, lifetime annuities will not be an attractive investment for 
individuals with lower incomes. On the other hand, higher income earn-
ers may find lifetime annuities, where mortality rates may be based on 
some population average together with some allowance for mortality 
improvement, to be an attractive proposition. 
As was noted above, the pricing of annuities by an individual's life-
time income, final salary, or accumulated personal wealth would be an 
extremely difficult, if not impossible, task and could have a significant 
effect on the insurance company's reputation. Nevertheless, without 
some allowance for differential mortality in the pricing of annuities, it 
is reasonable to expect that the purchasers of annuities will experience 
below average mortality rates and that life insurance companies must 
allow for this adverse selection in their pricing processes. 
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4.3 Public Pension Policy 
There exists an enormous variety of designs within public pension 
plans around the world. In some cases, a universal or means-tested 
age pension is paid from general taxation revenue with no direct link 
to an individual's taxation payments. That is, the size of the pension 
is not related to the individual's earning history. In other cases there 
is a relationship between the individual's pension contributions during 
his/her lifetime and the size of the pension received. In some cases a 
regressive scale exists such that the first tier of contributions results in 
a higher pension payment than subsequent contribution tiers. In other 
words, the rate of return received by the individual is higher for the 
band of contributions linked to lower incomes than for contributions 
related to higher salaries. Such a plan design is generally supported for 
reasons of intragenerational equity. 
It is also important to consider the effects of differential mortality 
on the intragenerational eqUity within public plans. If higher income 
earners have longer life expectancies, then they will receive, on average, 
the public penSion for a longer period of time. The actual effects will 
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depend on the design of each program. If income redistribution is one 
objective of a public pension plan, then the achievement of this goal will 
be reduced and possibly reversed due to the existence of differential 
mortality. 
For instance, in a flat rate universal pension program higher income 
earners will, on average, receive the age pension for an additional pe-
riod (perhaps up to five years) than lower income earners. The possible 
inequity of this result needs to be appreciated. On the other hand, it is 
also important that one aspect of a particular plan should not be con-
sidered in isolation. That is, it may be necessary to review the effects in 
the context of the total taxation system for income and other retirement 
products. For instance, if higher income earners have paid considerably 
higher income taxes during their lifetime and/or pay higher taxes on the 
retirement benefits arising from their occupational and personal pen-
sion plans, it could be argued that the end result is not as inequitable 
as it may appear. 
A different set of circumstances arises where the public pension is 
linked to lifetime earnings and/or contributions. In these cases, the 
higher income earner will be receiving a public pension that is both 
larger and is likely to be paid for a longer period than the lower income 
earner. Again, it is important to consider intragenerational equity is-
sues within the context of all the issues including differential mortality, 
taxation, and government support. 
Equity within public pension plans cannot be defined precisely and 
will vary according to the social and political decisions made by each 
community. Nevertheless, it is essential that the link between lifetime 
income and mortality is acknowledged and considered in the design 
of public plans. Furthermore, as the population gains a better under-
standing of public pension programs, it can be expected that systemic 
equity issues will be increasingly raised. It is therefore important that 
some data that measures the Significance of differential mortality be 
available. 
A related issue for a government's pension policy is linked to any 
legislation that may require the retirement benefit arising from an occu-
pational pension plan to be taken, either wholly or partly, as a lifetime 
pension. The likely outcomes of such a policy are significant subsidies 
from low income earners to high income earners due to the differences 
in the expected longevity of each group. If such an outcome is consid-
ered undesirable, the effects of differential mortality could be amelio-
rated by an alternative pension arrangement. For instance, one possi-
ble solution is for the individual's pension to be paid from an allocated 
or segregated account, possibly with appropriate minimum and max-
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imum limits, to ensure that the funds are preserved for a reasonable 
number of years. On early death the remaining assets could be passed 
to the individual's estate rather than used to support other pensioners. 
Such an arrangement would radically change the nature of a group pen-
sion plan, but it is consistent with recent developments in a number of 
countries and the growing importance of individual responsibility and 
entitlements. Such a development also reduces any intragenerational 
inequity that may arise due to differential mortality. 
5 Conclusions 
There is considerable international evidence suggesting that socioe-
conomic variables affect mortality rates. In practice, this means that 
there exists an inverse relationship between mortality rates and the 
level of lifetime earnings or wealth. The strength of this relationship 
has never been assessed among Australian retirees and has rarely been 
investigated for members of a single occupational pension plan. 
This study, using data from the Australian Commonwealth Super-
annuation Scheme for public servants, shows that there is a significant 
inverse relationship for male pensioners between the individual's final 
salary and their rate of mortality in retirement. The results also con-
firm trends from previous North American and United Kingdom studies 
and suggest that there is a similar relationship between mortality in re-
tirement and pre-retirement income in the United States, Canada, and 
Australia. 
The strength of the relationship between an individual's income and 
mortality has important implications for the pricing of annuities in a 
voluntary private sector market. As income or wealth is not used in an-
nuity pricing due to practical issues, it can be expected that an element 
of adverse selection will occur so that the mortality rates of annuitants 
would be considerably less than the population average. We also sug-
gest that mortality assumptions used for the funding of occupational 
pensions should be adjusted to take into account the socioeconomic 
background of members. 
The presence of differential mortality should be an important con-
sideration in seeking intragenerational equity within public pension 
plans. The implications of pension policy will depend on a number of 
factors, including the design features of the public and occupational 
pension plans, the link between the size of any public pension and 
the level of lifetime contributions, the overall taxation structure, the 
strength of the differential mortality, and the social and political val-
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ues of the society. Hence, there will be no one solution for all circum-
stances. An important outcome of these results is that policy makers 
recognize the existence and impact of differential mortality as they re-
view the design and equity of public pension plans. 
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